ABSTRACT OBJECTIVES This study sought to introduce and confirm the efficacy of pre-load stress echocardiography with leg-positive pressure (LPP) for improving risk stratification of patients with mild stable heart failure.
demonstrated that the responses to nitroprusside and leg lifting identified subgroups of patients who have markedly different prognoses despite similar baseline TMF velocity patterns. Moreover, Ishizu et al. (7) showed that passive leg lifting was useful to identify patients at high risk of the development of diastolic heart failure. Leg lifting is an easy noninvasive maneuver to increase pre-load, although it is sometimes difficult to perform, especially in obese or elderly patients. In this study, we used leg-positive pressure (LPP) as an alternative technique for noninvasive pre-load augmentation.
Consequently, the first purpose of this study was to evaluate the effect of LPP on LV hemodynamics by performing this maneuver during LV catheterization. Second, we aimed to assess whether changes in TMF in response to LPP could provide additional information on the prognosis of mild heart failure patients with intermediate diastolic dysfunction, in which there was an IR pattern of TMF velocity. Yamada et al.
Pre-Load Stress Echocardiography in Heart Failure J U L Y 2 0 1 4 : 6 4 1 -9 peak velocities were measured and the ratio of E to e 0 was calculated. All Doppler recordings were performed during an end-expiratory breath hold. The mean values of 5 consecutive cardiac cycles were used in the analysis.
L E G -P O S I T I V E P R E S S U R E . We customized a commercially available leg massage machine (Dr. Medomer DM-5000EX, Medo Industries Co., Ltd., Tokyo, Japan)
because it could maintain a constant loading pressure around the legs for 5 min. Although the loading pressure could be varied, we used a setting of 90 mm Hg because this pressure did not significantly increase either heart rate or systolic blood pressure, based on findings from our preliminary study (10) .
CLASSIFICATION OF LV DIASTOLIC FUNCTION.
The LV diastolic dysfunction was divided into 3 cat- CLINICAL OUTCOME. Cardiac death, hospitalization due to acute heart failure, acute myocardial infarction, and stroke were considered major cardiac events. If a patient died during follow-up, the cause of death was identified by medical record review or telephone contact. Cardiac death was defined as either a death directly related to cardiac disease, mainly congestive heart failure, stroke, or sudden death. Similarly, hospitalization due to various cardiac events during follow-up was identified by medical record review. 
Pre-Load Stress Echocardiography in Heart Failure observed during and after the LPP maneuver; how- SURVIVAL ANALYSIS. During an average follow-up period of 548 AE 407 days, there were 5 cardiac deaths (2.4%) and 4 noncardiac deaths (2.0%). Table 2 shows the baseline clinical and echocardiographic characteristics of each group. (Fig. 2) showed that the survival rate during follow-up was significantly higher in the unstable IR group than in the stable IR group (log-rank, p ¼ 0.003 for survival free from acute heart failure and p ¼ 0.002 for survival free from cardiac events). A Cox proportional hazards analysis showed that unstable IR and E/e 0 >15 cm/s were both independent predictors of cardiac events in patients presenting the IR pattern, although the change in the TMF velocity pattern during LPP was the most powerful predictor of cardiac events ( Table 4) . We could not detect a significant difference in cardiac or all-cause event-free survival between the E/e 0 <15 and the E/e 0 $15 groups by Kaplan-Meier analysis (Fig. 2) . 
DISCUSSION
Our data suggest that pre-load stress echocardiography using LPP has important prognostic information beyond that provided by resting Doppler echocardiography in patients with mild heart failure. Patients however, it may not be useful in patients with slightly increased LVEDP, such as the IR patients in our study.
E/e 0 also has a wide gray zone in which the parameter has no discriminatory valuable. In our subjects with only mild heart failure, E/e 0 $15 cm/s was an independent predictor of cardiac events, whereas this parameter was not useful for the prediction of survival free from cardiac events by Kaplan-Meier analysis.
In most previous studies, the TMF velocity increases in pre-load (5). To increase venous return noninvasively, previous investigators used leg lifting (17) , lower body positive pressure with a wooden box or a steel container sealed at the level of the iliac crest (5, 18, 19) , or an anti-G garment (20) (21) (22) .
The lower body positive pressure elicited an increase in cardiac output in some studies (1, 18, 19) , whereas others reported that cardiac output tended to decrease (23) . This discrepancy was due to the STUDY LIMITATIONS. The number of patients in our study was small, especially in the invasive hemodynamic study. During long-term follow-up, the number of clinical outcome events was limited and the difference in cardiac death rates was not significant between the 2 groups. A study with a larger number of patients and longer duration of follow-up is needed to confirm these findings. The other limitation is the lack of a validation cohort. The present study should be considered as hypothesis generating, and we believe that larger multicenter studies are warranted.
It also needs to be assessed in the future whether medical interventions improve the worse prognosis of unstable IR patients. Finally, we were unable to assess the biomarkers (e.g., BNP) in this cohort, whereas there was no significant difference in BNP level between the stable and unstable IR groups in the invasive study. 
CONCLUSIONS

